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Abstract

"MASS" (Micro-arcsecond Astrometry Small Satellite) is an 
astrophysics mission designed to produce the first survey of 
the habitable zone (HZ) planets in the nearby stellar 
neighborhood. MASS is based on differential astrometry 
(angle measurements) of a target star relative to a 
background of reference stars. 

While both radial-velocity and transit techniques have been 
successful at finding planets more generally, they have been 
ineffective at reaching Earth-mass planets in the HZ of nearby 
Sun-like stars due to the inherent constraints of these 
methods. Our astrometric approach overcomes these 
limitations.

This mission idea is based on the key focal plane calibration 
technique previously demonstrated in our laboratory using 
80x80 pixel camera. The new MASS mission concept requires 
a large size CMOS detector (~150Mpx) calibration to achieve 
the micro-arcsecond level accuracy. 

Introduction

Å Transit method can NOT detect non-

transit planet

Å RV method will have òM*Sin(i)ò ambiguity

Å Astrometry method (wobble) will detect 

both non-transit/transit, and enhance 

planet mass estimation 
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MASS

Å KEPLER and TESS 

Å Will not search an Earth like planet 

around G stars in 1 year orbit

Å Not astrometry mission (transit 

methods)

Å MASS will be the First Astrometry mission, 

designed to search for Earth like planets 

around nearby 20 FGK stars

Å 1 AU, 1-3 Earth Masses

Å Thousands of observations / three year

Å Achieve 2 orders of magnitude 

improvement in astrometric precision 

over ESAôs Gaia mission.

http:// www.pnas.org/cgi/doi/10.1073/pnas.1304196111

TESS

Introduction
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Solar wobble example 

ÅMASS is a targeted-astrometry mission. It will measure the 

position of a target star relative to ~100 reference stars in the 

same field. This is ñrelativeò astrometry, as compared to Gaiaôs 

ñabsoluteò astrometry. 

ÅMASS will not measure the absolute position of the target star 

at the mas-level but rather measure the motion of the target 

star at the mas-level. 

Differential Astrometry
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Å A commercial, 35 cm aperture, SiC

corrected RC telescope

Å 6 µas accuracy over 30 min observation

Å Detector calibration pre-launch

Å 2x 200W solar panels

Å 110 kg total mass

Å ESPA-Grande compatible

Å Propulsion for station-keeping

ÅGoal is ~4uas (1hr) astrometric 
precision

ÅSearch for Earth mass planets
Around ~20 nearest FGK stars

~five of 1M and ~twelve of 2M
Planets in the mid Habitable 
Zone

Å Low cost mission taking 
advantages of low cost 
commercial spacecraft, SiC
telescope

MASS Overview
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ÅPixel irregularities of the detector have 
to be calibrated to one part in 10,000.

ÅLaser interferometer fringes are used to 
calibrate pixel positions. 

MASS Error budget and key calibration requirement 



(1) To design conceptually the MASS instrument on Small Satellite 

(2) To study the science capabilities/error budget for the MASS and 
perform simulation of its expected science impact

(3) To demonstrate the key laser pixel metrology calibration technique 
using a large state-of-the-art 150Mpix sCMOS detector

R&TD objectives



Laser interferometer metrology for calibration



(Left) An astrometric test measures the consistency of inter-star distances on the focal plane as the line of 

sight is changed. (Right) Results of an astrometric test: centroid distance between pseudo-stars A and B in 

row and column directions, with mean removed, versus the displacement of the CCD.



~150 Mpix, 3.76 �äm, 
backside illuminated, 
ғ нŜҍ ǊŜŀŘ ƴƻƛǎŜ

Sony IMX411

Large detector calibration

Glass window is removed 


